Background Three cases of ileus have been published among dipeptidyl peptidase-4 (DPP-4) inhibitor users in Japan. The purpose of this study was to estimate and compare incidence rates of ileus among alogliptin users and users of other DPP-4 inhibitors, glucagon-like peptide 1 (GLP-1) receptor agonists, and voglibose. Methods We used the Medical Data Vision database in Japan to conduct a retrospective cohort study among type 2 diabetes mellitus (T2DM) patients who were new users of alogliptin, other DPP-4 inhibitors, GLP-1 receptor agonists, or voglibose between 1 April 2010 and 30 April 2014. The primary outcome was an incident diagnosis of ileus. Kaplan-Meier survival curves were used to estimate ileus events over time. Adjusted Poisson regression models were used to estimate incidence rate ratios (IRR) for ileus and 95 % confidence intervals (CI) by comparing alogliptin users to users of the other study drugs. Results We identified 82,386 patients with T2DM. In the adjusted model, there was no difference in risk of ileus among patients exposed to alogliptin compared with patients exposed to other DPP-4 inhibitors (IRR 1.15, 95 % CI 0.75-1.75) or GLP-1 receptor agonists (IRR 0.42, 95 % CI 0.14-1.20). The risk of ileus was significantly lower among patients exposed to alogliptin compared with patients exposed to voglibose (IRR 0.55, 95 % CI 0.35-0.88). Conclusions The independent risk of ileus among new users of alogliptin did not significantly differ compared with new users of other DPP-4 inhibitors or GLP-1 receptor agonists but was significantly lower than new users of voglibose.
Introduction
Incretin-related drugs have been noted in recent years as a novel class of antidiabetic agents and are widely used in daily clinical practice, expanding the range of treatment options for patients with type 2 diabetes mellitus (T2DM) [1] . Incretin therapies for T2DM may be broadly grouped into two major subcategories: dipeptidyl peptidase-4 (DPP-4) inhibitors and glucagon-like polypeptide-1 (GLP-1) receptor agonists. DPP-4 inhibitors including alogliptin, sitagliptin, vildagliptin, saxagliptin, and linagliptin, are currently approved by the US Food and Drug Administration (FDA), the Japanese Ministry of Health, Labour and Welfare (MHLW), and the European Medicines Agency (EMA). Two additional DPP-4 inhibitors are used in Japan: teneligliptin and anagliptin. Due to the convenient oral administration, neutral body weight, and good overall tolerability [2] , prescribing of DPP-4 inhibitors has been increasing. Many patients with T2DM currently receive a DPP-4 inhibitor concomitantly with other drug classes in clinical practice.
Alogliptin is a potent DPP-4 inhibitor that was approved by the MHLW in April 2010, the EMA in September 2013, and the FDA in January 2013 for use in patients with T2DM. The glycemic efficacy [reductions in glycosylated hemoglobin (HbA 1c ) levels] of alogliptin appears to be comparable with other DPP-4 inhibitors [3] .
Recently, three cases of ileus-a type of nonmechanical bowel obstruction-coincident with the use of DPP-4 inhibitors were published in diabetic Japanese patients [4] . Peristalsis are wavelike contractions that help push stool through the colon and small bowel, and ileus results when peristalsis ceases. Impaired transit of intestinal contents can be caused by either mechanical obstruction or functionally deficient enteric propulsion from attenuated or uncoordinated intestinal muscle contractions. There is a paucity of epidemiological data on ileus. Available evidence suggests that ileus is a commonly seen condition in the postoperative setting where it is recognized as a common physiologic response to abdominal surgery [5] . Postoperative adhesions now account for [75 % of all small-bowel-obstructive events in the USA, but 60 % of large-bowel obstructions are caused by a neoplasm. Bowel obstruction accounts for [15 % of admissions from the emergency department for abdominal pain in the USA [6] . There are several risk factors for ileus [7] , which include metabolic derangements (electrolyte disturbances, diabetic ketoacidosis or diabetic hyperosmolar coma, uremia), neurologic disorders, intra-abdominal or retroperitoneal inflammation, and severe infections such as pneumonia. Moreover, some medications (opiates, psychotropic, antihistamines, and calcium channel blockers), abdominal surgical procedures, and intra-abdominal infections/ inflammation present additional risk factors for ileus [8] .
Each of the three patients with incident ileus in the published report exhibited some deficiency in bowel movement. A causal association between ileus and DPP-4 inhibitor use was unclear, and all three cases had a history of risk factors for ileus. Additionally, the onset of ileus was within 40 days after initiation of DPP-4 inhibitor. However, following the publication, we felt it was pertinent to assess the association between DPP-4 inhibitor use and incident ileus. Existing evidence indicates that the actions of GLP-1 can reduce gastric emptying of liquid meals in T2DM patients. Since GLP-1 is rapidly degraded by the enzyme DPP-4, the use of a DPP-4 inhibitor can increase the GLP-1 level and might affect gastrointestinal motility [9] . However, some human studies published have not demonstrated an effect of DPP-4 inhibitors on the rate of gastric emptying [10] [11] [12] . It is postulated that ileus could result from diabetic autonomic neuropathy, hypothyroidism, and other factors that decrease intestinal motility [13] .
Voglibose, an a-glucosidase inhibitor, is one of the most commonly used orally administered antidiabetic drugs in Japan and is used not only as a first treatment but also as an add-on to other antidiabetic drugs. Voglibose was launched in 1994 in Japan as an improving agent for postprandial hyperglycemia in diabetes mellitus [14] . Case reports have been published on cases of ileus in patients taking a-glucosidase inhibitors in Japan, including one case concurrent with voglibose use [13, 15, 16] . Considering that ileus has been reported during treatment with voglibose, we included this a-glucosidase inhibitor in our study.
Given the lack of available epidemiological data on the association between therapy with DPP-4 inhibitors including alogliptin, GLP-1 receptor agonists, voglibose, and risk of ileus, we conducted a pharmacoepidemiological cohort study of diabetic patients in Japan. Specific objectives of the study were to assess baseline patient demographic and clinical characteristics among first-time users of alogliptin, other DPP-4 inhibitors, GLP-1 receptor agonists, and voglibose, and to estimate the incidence of ileus among first-time users of these treatments. The final objective was to compare the incidence rates of ileus among alogliptin users with users of other DPP-4 inhibitors, GLP-1 receptor agonists, and voglibose to assess the relative risk (RR).
Methods
We conducted a retrospective cohort study using the Medical Data Vision (MDV) database in Japan. The study period was 1 April 2010 through 30 September 2014 (the latest available data in the MDV) and was selected because alogliptin has been licensed in Japan since April 2010. T2DM patients who received a first-time prescription for alogliptin, other DPP-4 inhibitors, GLP-1 receptor agonists, or voglibose during the study period were eligible for inclusion.
The MDV is a large, commercial, electronic, recordbased healthcare records database that provides inpatient and outpatient anonymous information from 153 (mainly tertiary) hospitals on 8,140,000 patients and contains detailed information on ambulatory services, hospitalizations, patient demographic characteristics (e.g., age and gender), medical diagnoses [International Statistical Classification of Disease and Related Health Problems (ICD-10 codes)], as well as diagnosis name on the patient's prescription, information on medication use (i.e., dose, quantity, and number of days of supply), information on surgery, injections, tests, diagnosis procedure combination (DPC) claims, and results of blood tests and other laboratory tests. The MDV database has been used in various epidemiologic research studies; gender and age distributions of patients in the database are approximately similar to that of national patient demographics in Japan [17] .
Exposure cohorts
From the T2DM source population, we created four mutually exclusive study cohorts that included new users of alogliptin, other DPP-4 inhibitors (sitagliptin, vildagliptin, saxagliptin, linagliptin, teneligliptin, or anagliptin), GLP-1 receptor agonists (exenatide, lixisenatide, exenatide-LAR, or liraglutide), or voglibose. Each study drug was identified using Anatomical Therapeutic Chemical Classification System (ATC) drug codes. Persons were eligible for the study cohorts if they met all of the following study inclusion criteria: first-time use of a study drug of interest, diagnosis of T2DM, age C40 years, at least 12 months of medical history in MDV prior to cohort entry, and at least 1 day of follow-up after cohort entry. Patients were excluded if they had previous prescriptions for a DPP-4 inhibitor, GLP-1 receptor agonist or voglibose, started use of more than one of the study drugs on the same day, or had a diagnosis of ileus in the year prior to cohort entry to avoid misclassification of prevalent ileus cases as incident cases.
The cohort entry date was defined as the date that the patient received a first-ever prescription for any of the study drugs (the index prescription). The follow-up period began at cohort entry date and ended with the earliest of any of the following censoring events: incident diagnosis of ileus, end of study period (i.e., 30 September 2014), or end of index treatment episode captured as the earliest of either the ending date of the supply of the last prescription for that drug or the day before the start date of a new study drug.
Use of a study drug was defined as receipt of at least one prescription for that drug. Prescription duration was determined by the days' supply. Cumulative duration of exposure was calculated by summing the days supply for all recorded prescriptions subsequent to the index prescription during the study period, with 30-day allowable gaps used to define a consecutive index therapy episode. A prescribing gap of [30 days or a switch to or add-on with another drug of interest marked the end of the index treatment episode.
Outcome
The primary outcome was an incident diagnosis of ileus (identified by ICD-10 codes K56.7 for Ileus, unspecified; and K56.0 for paralytic ileus) occurring after cohort entry date.
Confounders
From the MDV database, we extracted data related to potential confounders. We considered medical history such as chronic kidney disease, myocardial infarction, peripheral vascular disease, congestive heart failure, coronary artery disease, diabetic retinopathy, diabetic nephropathy, peripheral neuropathy, urinary infection, and other potential confounders believed to affect the risk of ileus including abdominal surgery, laparoscopy, appendectomy, cholecystectomy, gastrectomy, herniorrhaphy (hernia repair), intra-abdominal infections/inflammation including peritonitis, appendicitis, and diverticulitis; serious infection such as pneumonia; metabolic derangements including diabetic ketoacidosis or diabetic hyperosmolar coma; colorectal cancer, bowel disorders including irritable bowel syndrome (IBS), Crohn's disease, and celiac disease; medication history including calcium channel blockers, antihistamines, and psychotropics including phenothiazines, tricyclic antidepressants, and opiates.
Statistical methods
Descriptive statistics, including means and standard deviations (SD), medians with 10th-90th percentiles for continuous variables, and numbers and percentages for categorical variables were used to examine patient baseline characteristics in the cohorts of interest, and the presence of ileus. Incidence rates of ileus per 1000 person-years with 95 % confidence intervals (CIs) for each exposure cohort were calculated. Considering ileus is an acute condition, we assessed several different exposure time-risk-window periods: within 90 days after cohort entry, within 30 days after cohort entry, within 31-90 days after cohort entry, and C91 days after cohort entry.
Kaplan-Meier survival curves were used to estimate ileus events over time in each individual exposure cohort. To take into account the relatively rare events of ileus in the study population, Poisson regression models with adjustment for potential confounding factors assessed at baseline were used to estimate incidence rate ratios for ileus and 95 % CIs by comparing the alogliptin cohort with each of the other exposure cohorts. This was carried out for the 90-day time-risk window that overlapped. This method allowed us to assess the risk quite broadly and also helped to minimize the risk of introducing a survival bias. To assess potential confounding, a bivariate analysis identified covariates associated with both exposure and outcome at the 10 % alpha level; those significantly associated with both were then tested in the models. Only those covariates significant at the 5 % alpha level were included in the final models.
Presence or absence of exposures, outcome, and medical and medication history were defined by the presence or absence of relevant prescription entries or diagnoses in the MDV database. Absence of a given medical or drug codes of interest was taken as assumed absence of the given drug therapy or diagnosis. We had complete data for patient age and only one missing entry for sex. Therefore, no missing data were imputed.
Quality control
The study was conducted in accordance with the International Society for Pharmacoepidemiology (ISPE) Guidelines for Good Pharmacoepidemiology Practices (GPP) (http://www.pharmacoepi.org/resources/guidelines_08027. cfm). Due to the regulation of privacy protection, it was not possible to link the primary data for case validation. The Stata syntax files provided a detailed record of the precise programming steps carried out. All data were programmed according to agreed-upon coding standards. Stata 12.0 (StataCorp LP, College Station, TX, USA) was used for data analysis.
Results
Between 1 April 2010 and 30 April 2014, there were 82,386 eligible patients with T2DM identified in the MDV database, of whom 9,663 (11.7 %), 55,919 (67.9 %), 1,904 (2.3 %), and 14,900 (18.1 %) were new users of alogliptin, other DPP-4 inhibitors, a GLP-1 receptor agonists, and voglibose, respectively.
Patient characteristics
Mean age at cohort entry was 68.7 years, and 60.8 % of the study population was men (Table 1) . More than half of the patients with diabetes had not used any diabetes drugs in the year prior to cohort entry (57.5 %). Among patients who used antidiabetic drugs, sulfonylureas (6-22 %), insulins (10-35 %), and biguanides (3-18 %) were the most common (Table 1) . Insulin therapy among alogliptin users in the year prior to cohort entry was relatively low compared with users of other DPP-4 inhibitors (12 vs. 21 %).
The most prevalent condition at baseline was congestive heart failure, with nearly 25 % of all patients having this condition in their medical history. Between 14 and 23 % of patients had diabetic nephropathy. Other prevalent conditions were diabetic retinopathy and chronic kidney disease, ranging between 17-33 and 13-15 %, respectively ( Table 1 ). The most commonly prescribed medication in the year prior to cohort entry were calcium channel blockers, with approximately 27 % of patients prescribed such drugs (Table 1) .
Incidence of ileus
The crude overall (all-time risk windows) incidence of ileus was 9.05 per 1000 person-years (95 % CI 7.36-11.13) for alogliptin, 10 Figure 1 shows the cumulative survival pattern for the first event of ileus after cohort entry up to 5 years. At 3 months after cohort entry, 1.11 % of users of GLP-1 receptor agonists had developed ileus, compared with only 0.31, 0.29, and 0.51 % of alogliptin, other DPP-4 inhibitors and voglibose users, respectively. At 6 months, 1.93, 0.48, 0.59, and 0.85 % of users of GLP-1 agonists, alogliptin, other DPP-4 inhibitor, and voglibose had experienced ileus, respectively. At 1 year after cohort entry, the percentage of GLP-1 receptor agonist users who developed ileus remained at 1.93 %; however, 1.03, 1.09, and 1.38 % of users of alogliptin, other DPP-4 inhibitors, and voglibose, respectively, had developed ileus at that time.
The incidence of ileus assessed by different time-riskperiod windows is presented in Table 2 . Incidence of ileus was lowest for the longest, i.e., the 91? day time-risk window compared with the other time-risk windows ( Table 2) .
Multivariate analysis
In the adjusted models (model 1: alogliptin vs. other DPP-4 inhibitors-adjusted for age at cohort entry, abdominal surgery, metabolic derangement, congestive heart failure, insulin therapy; model 2: alogliptin vs. GLP-1 receptor agonists-adjusted for age at cohort entry, insulin therapy, psychotropic medication; model 3: alogliptin vs. voglibose-adjusted for age at cohort entry, history of ileus, myocardial infarction, insulin therapy, psychotropic medication) using the time-risk window of B90 days, there was no difference in risk of ileus among patients exposed to alogliptin compared with either of the other DPP-4 inhibitor-exposed patients [incident rate ratio (IRR) 1.15, 95 % CI 0.75-1.75] or patients exposed to GLP-1 receptor agonists (IRR 0.42, 95 % CI 0.14-1.20) (Tables 3-5) . However, the risk of ileus was significantly lower among Association between therapy with dipeptidyl peptidase-4 (DPP-4) inhibitors and risk of ileus… 379 patients exposed to alogliptin compared with patients exposed to voglibose (IRR 0.55, 95 % CI 0.35-0.88).
Discussion
This study was conducted to further explore a potential risk of ileus related to DPP-4 inhibitor use. To the best of our knowledge, this study was the first to quantify and assess the risk of alogliptin use and ileus compared with other DPP-4 inhibitors and with other classes of medicines for treating T2DM, such as GLP-1 receptor agonists and voglibose. The results indicate that the unadjusted incidence of ileus among users of alogliptin was similar to rates among users of other DPP-4 inhibitors, while the rate for users of GLP-1 receptor agonists was higher. The results from our comparative analysis using the 90-day exposure-risk window indicate no difference in risk of ileus among patients exposed to alogliptin compared with patients using other DPP-4 inhibitors (IRR 1.15, 95 % CI 0.75-1.75) or those exposed to GLP-1 receptor agonists (IRR 0.42, 95 % CI 0.14-1.20). However, the magnitude of the risk estimates for the GLP-1 receptor agonists should be interpreted with caution considering that the number of patients who received GLP-1 receptor agonists and then developed ileus during the study period were small and the CI for incidence estimates were wide. Also, the character of each study cohort could be inferred by the degree of drug combination and the diabetic complications, even if precise disease duration was not available. For example, the degree of medical complication in the GLP-1 receptor agonist cohort was higher than in the other cohorts. This would imply that they had longer diabetes duration and therefore more severe autonomic dysfunction, which could have influenced the risk of ileus. Conversely, the risk of ileus was significantly lower among patients exposed to alogliptin compared with patients exposed to voglibose (IRR 0.55, 95 % CI 0.35-0.88). The lower risk of ileus among users of alogliptin compared with users of voglibose is not surprising given the published case reports of incident ileus among patients taking a-glucosidase inhibitors [13, 15, 16] , which have well-documented gastrointestinal side effects [14] .
When assessing a relatively rare outcome in particular, there is a possibility that the study may be underpowered to detect true group differences with respect to the outcome. Post hoc power calculations based on our observed annual incidence of ileus among users of other DPP-4 inhibitors of 1.184 % at 11,908 patient-years exposure showed the study had 96 % power to detect a doubling of the risk of ileus (i.e., an annual incidence of 2.368 %) among users of alogliptin at our observed 2,052.6 patient-years exposure for alogliptin at 5 % significance. Therefore, this study had adequate power to detect a notable elevated risk of development of ileus with use of alogliptin. There are several risk factors for ileus. Despite the fact that abdominal surgical procedures are one of the identified risk factors for the development of ileus, this risk factor indicated a significant association in only one multivariate analysis of incidence of ileus among patients exposed to alogliptin compared with other DPP-4 inhibitors (Table 3) but not the other analyses. However, it is important to point out that the number of patients who had had abdominal surgery was relatively small (0.4 % of the cohort). Multivariate analyses consistently showed that age and recent insulin therapy were risk factors for ileus (Tables 3-5) .
Increasing age is an established risk factor for ileus [8] ; however, we found no other evidence that insulin therapy is a risk factor for ileus. Use of psychotropic medication was also a risk factor in two of our multivariate models (Tables 4 and 5 ), a finding that is supported by previous studies [7, 18] .
A significant strength of this real-world evidence study was use of the large Japanese MDV database, which provided data on a cohort of over 82,300 patients with T2DM who were users of the diabetes medications of interest. Several study limitations should be noted: As with any observational study research, the possibility of residual confounding or confounding by indication cannot be excluded. The results of the study can only be generalized to new initiators of DPP-4 inhibitors, GLP-1 receptor agonists, and voglibose therapy in Japanese healthcare Association between therapy with dipeptidyl peptidase-4 (DPP-4) inhibitors and risk of ileus… 381 settings and not to other healthcare settings and populations. There may be a risk of information bias if patients sought care or were dispensed the drug in healthcare institutions that did not contract with the MDV. As the disease might have started before patients' entry into the database, we were not able to access disease duration for the patients with prevalent T2DM. However, this observational study provided evidence that the crude overall incidence of ileus among users of alogliptin and other DPP-4 inhibitors was similar, while the rate for users of GLP-1 receptor agonists was higher. In addition, the independent risk of ileus among new users of alogliptin did not significantly differ compared with new users of other DPP-4 inhibitors or GLP-1 receptor agonists but was significantly lower than new users of voglibose. 
